In this work, a novel strategy for synthesizing carbon dots (CDs) with a quantum yield of approximately 15.36% has been established by employing a bathroom lamp as a light source. Compared with other current protocols, the method described here displayed various advantages such as environmentally friendly manipulations and low power and cost. Subsequently, we applied the CDs as a fluorescence probe for the detection of nimesulide (Nim) firstly under the optimal conditions. A linear relationship between ln(F 0 /F) and the concentration of Nim was obtained in the range from 0.5 mM to 75 mM with a detection limit of 100 nM. In addition, the as-prepared CDs showed excellent biocompatibility and were applied for cell imaging, which presented great potential applications in cell imaging.
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Introduction
CDs with a diameter of less than 10 nm and consequent quantum connement have attracted growing interest since their discovery. 1 Their highly tunable surface chemistry, excellent biocompatibility, and low photobleaching make CDs great for potential applications in biological labeling, bioimaging, drug delivery, photocatalysts and optical sensing.
2-6
Over the past years, a variety of methods have been developed for the preparation of CDs, including laser ablation of graphite, 7, 8 electrochemical oxidation of carbon nanotubes 9 or graphite, 10 supported synthesis using resols as the carbon precursor at 900 C in argon, 11 pyrolysis or acid treatment of glucose or sucrose solution, [12] [13] [14] and oxidizing arc-discharge soot with nitric acid, 15 etc. Although thousands of precursors and hundreds of synthetic methods have been developed, most of the reported methods have drawbacks. These proposed methods are generally time consuming and require severe reaction conditions, complex post-treatment, and expensive raw materials and apparatus. For example, laser ablation has been extensively employed to synthesize semiconductor quantum dots 16 and CDs due to many advantages (such as simplicity, versatility and the capacity to prepare a variety of nanostructures). However, laser ablation belongs to a stronger power irradiation and requires expensive and sophisticated instrumentation, and does not apply to large scale preparation of CDs, which severely limits the practical applications of CDs. Therefore, it is very necessary to develop a new method with low power and cost for the preparation of CDs. Inspired by laser ablation, based on the interest for CDs preparation by lightirradiation methods, we looked for a low-power and economic bathroom lamp as a light source. In addition, we also further explored its potential applications. Nimesulide (N-(4-nitro-2-phenoxyphenyl)-methanesulphonamide, Nim) is a relatively new non-steroidal antiinammatory drug with analgesic and antipyretic properties. Nim's pK a value of 6.5 is very important for gastric tolerability, as it avoids the back diffusion of hydrogen ions responsible for tissue damage, which does not induce gastrointestinal ulceration.
17 Nim is also a strong inhibitor of metalloproteases, enzymes that along with free radicals account for matrix decomposition of the articular molecule in the degenerative process. It also exerts an indirect inhibiting effect on A2 phospholipase. Therefore, Nim is widely used as a therapeutic medicine. However, long term or excessive use of Nim will cause severe side effects including in the hepatic and central nervous systems for children and adults.
18 Thus, it is quite important to detect Nim in drugs and biological samples separation.
Until now, various detection methods have been employed for the detection of Nim, including high-performance liquid chromatography (HPLC), [19] [20] [21] [22] semiconductor quantum dots, These methods may provide high sensitivity and good precision, but these methods are time-consuming and commonly suffered from operation complexity, materials consumption and expensive equipment. In comparison with reported analytical techniques, besides high sensitivity and selectivity, uorescence methods are more convenient, fast and economical in trace analysis. So far, to our knowledge, there is no literature reporting on the uorescence detection of Nim based on CDs.
In this study, a simple preparation method of CDs was developed by low power and low-cost bathroom lamp irradiation, and we rstly reported a highly selective and sensitive uorescence sensor for the detection of Nim based on CDs. We demonstrate the use of citric acid as a carbon source for so-light irradiation green synthesis of water-soluble, PL CDs with a quantum yield (QY) of approximately 15.36%. We further demonstrate that the as-synthesized CDs are an effective uo-rescent probe for the sensitive and selective detection of Nim with a detection limit as low as 100 nM. The linear range is estimated to be the feasibility of the CDs for successful analysis of Nim in a real sample. 3 and AgNO 3 ) were purchased from Beijing Chemical Reagents Factory (Beijing, China). Nim, ibuprofen and 4-acetamidophenol were purchased from Aladdin Chemistry Reagent Company (Shanghai, China). All chemicals were analytical reagent grade and used directly. Ultrapure water was obtained by Millipore Milli-Q plus 185 water purication system and used in all experiments.
Experimental section

Materials and reagents
Synthesis of CDs
The CDs were synthesized by using a bathroom lamp irradiated citric acid solution. In a typical experiment, 2.0 g of citric acid was dissolved in 5.0 mL of ultrapure water at room temperature. The mixture was ultrasonically dispersed for 5 min. Next, the mixture solution was transferred into a 25 mL beaker and placed under a bathroom lamp (275 W). The irradiation time was carried out for 2 h. The obtained products were cooled down to room temperature and further ground into powder. The obtained powder was redispersed into ultrapure water and ltered through the ltration membrane (0.22 mm) to remove large particle residues. Subsequently, the ltrated solution was dried by a freeze-drying process.
Determination of quantum yield (QY)
The QY (F) of the CDs was measured according to a reported method. 33 Quinine sulfate in 0.1 M H 2 SO 4 was employed as a reference standard (F std ¼ 0.54 at 350 nm). The relative uorescence QY of CDs was calculated via the following equation:
where F x is the uorescence QY, I is the measured integrated uorescence intensity, A is the optical density. h is the refractive index of the solvent. The subscript x and std refer to the CDs and the reference, respectively. To avoid the re-absorption effect, the absorbance of all the samples in the 10 mm path length uo-rescence cuvette should be adjusted to less than 0.10 at the excitation wavelength.
Characterization
The morphology of the CDs was determined by a JEOL JEM-2100 transmission electron microscope (Tokyo, Japan). X-ray photoelectron spectra were obtained by a PHI-5400 electron spectrometer (ULVCA-PHI, USA). X-ray powder diffraction (XRD) was obtained using a Bruker D8 Advance. UV-vis absorption spectra were recorded on a Perkin-Elmer Lambda 35 UV-vis spectrometer (PE, USA). Fluorescence spectra were measured with a Cary Eclipse Fluorescence Spectrophotometer (Varian, USA). Cell imaging experiments were carried out on an Olympus FV1000 confocal microscope (Tokyo, Japan). Dynamic light scattering (DLS) was performed with a Zeta plus particle size analyzer instrument (Brookhaven, USA).
Cell imaging experiments
HeLa cells and adipose-derived stem cells (ADSC) were cultured at 37 C in DMEM medium containing 10% fetal bovine serum (FBS) in a 5% CO 2 atmosphere. Then, HeLa cells and ADSC were further incubated in CDs aqueous solution (200 mg mL À1 ) for 0.5 and 1 h, respectively. Aerwards, HeLa (or ADSC) cells were further treated with 0.25% trypsin/0.020% EDTA, washed three times using the PBS buffer (pH 7.4) and kept in PBS for uo-rescence imaging. The images of the cells were immediately determined on an Olympus FV1000 confocal microscope. The excitation wavelength was set as 405 nm and the corresponding blue emissions were collected at 425-525 nm.
Results and discussion
Synthesis and characterization of CDs
The synthesis of CDs in this work is a rather simple, low-cost and environmentally-friendly one-step bathroom lamp irradiation method (Fig. 1) . CDs with blue PL could be obtained by employing citric acid as an organic carbon source. In order to obtain the desired products, a series of experimental conditions have been optimized. It was found that the irradiation time and the distance between the bathroom lamp and the sample could affect the quantum yields of the CDs. With the increase of the irradiation time, the QY of the CDs gradually increased and reached a maximum, aerwards, the QY gradually dropped (Fig. S1 in ESI †) . The reasonable explanation is that a short irradiation time was not enough for complete carbonization of the carbon source because of insufficient reaction energy, while a long reaction time would lead to the formation of larger and nonuniform carbogenic particles due to aggregation. In this case, the optimal irradiation time was 120 min. Under the optimal photo-irradiation time, the effect of the distance between the lamp and the sample on the QY of CDs was shown in Fig. S2 . † Obviously, the QY of the CDs rstly increased and reached a maximum, then dropped gradually with increasing distance between the lamp and the sample. The optimum photo-irradiation distances were 16 cm for the preparation of CDs. The maximum QY of the CDs was 15.36%. Fig. 2 showed the TEM image and size distribution of the prepared CDs. CDs are quasi-spherical particles and have a uniform dispersion without apparent aggregation. Size distribution results demonstrated that the diameters of CDs are mainly distributed within 5.5-7.5 nm, and the corresponding average diameter was approximately 6.6 (27.78%), indicating that the as-synthesized CDs are highly monodispersed in aqueous solution.
XPS techniques were used to study the functional groups and element states of the as-synthesized CDs. As shown in Fig. 3 , the XPS spectrum of the CDs showed two peaks at $285 eV and $532 eV, which were attributed to the C 1s and O 1s peak. The C : O atom ratio was 1.53 : 1.00. In the high-resolution C 1s spectrum, the CDs mainly included four surface components, corresponding to C-H ($283.1 eV), C-C/C]C ($284.7 eV, $285.8 eV), C-O ($286.3 eV) and C]O ($287.3 eV). In the highresolution O 1s spectrum, the two main peaks located at $531.2 eV and 532.5 eV were ascribed to the C]O and C-O groups. 34, 35 Furthermore, the XRD pattern displayed a broad, low-intensity diffraction peak centered at 20.25 , which is indicative of the highly disordered carbon atoms. 36 Fig. 4 depicted the UV-vis absorption and PL spectra of CDs. It was observed that there was an obvious broad absorption peak at 326 nm, which was attributed to n-p* transition of C]O. The resultant CDs exhibited a maximum emission peak at 457 nm under 340 nm excitation wavelength. With progressively increasing excitation wavelengths, it was found that the PL intensity of CDs increases rstly and reaches a maximum value but the uorescence emission peak remains constant. Hereaer, with further increase of the excitation wavelength, it was noticed that the uorescence emission wavelength redshied to longer wavelengths, which was accompanied with a decrease of PL intensity. The excitation-dependent PL behavior may be ascribed to the different particle sizes and the distribution of different surface states as in the case of most uorescent carbon dots. The absolute QY of CDs was calculated to be 15.36%. In addition, as displayed in the inset of Fig. 4 , CDs presented as yellow under visible light, whereas they exhibited a bright blue luminescence under excitation at 365 nm. These results veried that the photo-irradiation method was a promising approach to synthesise CDs with good luminescence performance. When CDs are used in cell imaging or sensing applications, it is required that the materials must be water-soluble and have a good stability in ambient environments. Thus, we tested the luminescence stability of the as-prepared CDs under different conditions, such as various ionic strengths, pH, storage time and continuous UV irradiation (Fig. 5 ). It could be seen that the PL intensity of the CDs was nearly constant with the increase of ionic strength, suggesting that there was almost no ionization of the surface groups on the CDs. From the plots of PL intensity with pH (2-11), there was no obvious change in the PL intensity of the CDs. Furthermore, the PL intensity showed no obvious decrease even aer 10 days of storage or 3 h of UV light irradiation, indicating the excellent storage stability and photostability of the as-prepared CDs. All these experimental data suggested that the CDs were stable even under extreme conditions.
Photoluminescence properties and stability of CDs
Construction of the chemosensor for Nim detection
Initial experiments demonstrated that Nim could effectively quench the uorescence of CDs. So, we can fabricate a sensitive uorescence sensor to detect Nim based on the variation of the uorescence intensity of CDs. To identify the selectivity of the uorescent sensor, experiments were performed separately in the presence of a series of metal ions, amino acids and other antipyretics ( glutamate, ibuprofen, p-acetamidophenol and Nim). As shown in Fig. 6A , only Nim can lead to absolute uorescence quenching. This result reveals that the as-prepared CDs are highly selective toward Nim over the metal ions and other antipyretics. The possible reason for this is that Nim is an electron-decient compound due to the presence of a nitro group, and uorescence quenching will take place when it interacts with electron-rich carbon dot uorophores. 37 More importantly, we observed the strong overlap of the uorescence spectroscopy of the CDs with the absorption band of Nim, whereas this overlap was very weak for other substances (Fig. S3 in ESI †). This veried powerfully that energy transfer happens efficiently from the CDs to Nim, and brings about uorescence quenching of CDs.
In addition, the effect of pH on the sensor was also optimized, and the results revealed that the value of F 0 /F in pH 10 B-R buffer solution was higher than those of other pH values (Fig. 6B) , so pH 10 was chosen for the following study. To elucidate the detailed size change of the CDs in the presence of Nim, we further measured the dynamic light scattering of CDs with and without Nim under the optimal pH condition. From S4 , † it can be seen that the size distributions of the CDs was 6.5 AE 2.3 nm, which is basically consistent with the TEM results. However, the average size dramatically varied to 204.7 AE 2.1 nm while Nim was introduced, suggesting the sizes of CDs obviously increased, therefore proving that Nim combined with CDs.
Such a signicant dimensional change may be ascribed to the aggregation of CDs. 38, 39 The surface of Nim is positively charged due to the presence of a nitro group, which is favourable for binding negatively charged CDs on the surface, thus, aggregates of CDs are formed because of the existing electrostatic attractive forces. On the other hand, hydrogen-bonding interactions may be formed between the N and O in the structure of Nim and the oxygen-containing functional groups of CDs, which would further help to form CDs aggregates.
38,39
As shown in Fig. 6C and D, the uorescence intensity of CDs decreased with the addition of CDs. A linear relationship between ln(F 0 /F) and the concentration of Nim was obtained in the range from 0.5 mM to 75 mM with a detection limit of 100 nM. The linear regression equation was ln(
To investigate the practicality of this developed approach, the standard recovery experiments were carried out for Nim tablets. Typically, Nim tablets were ground uniformly in a mortar, the powder (125 mg) was dissolved into 1 mL NaOH (1 mol L À1 ), the obtained solution was transferred to a volumetric ask (25 mL) and set the volume with pH 10 B-R buffer solution. Various concentrations of Nim were added to CDs for further detection using the above mentioned method (Table 1) . It was veried that the measured content (3.27 mM) was very close to the theoretical content (3.24 mM). The recovery rates of Nim are in the range 95.02-99.54%, implying that the uores-cence method has potential applicability for the determination of Nim in pharmaceutical samples.
Cell imaging and cytotoxicity
An MTT assay was rstly carried out to assess the cytotoxicity of the CDs towards HeLa and ADSC cells before they were applied in optical bioimaging. The results are summarized in Fig. S5 . † Results showed that over 90.5% of ADSC cells and over 86.8% of HeLa cells still maintained cell viability aer incubation with CDs (maximum concentration: 500 mg mL À1 ) for 72 h. This sufficiently proves the extremely low cytotoxicity of the CDs. Therefore, the as-prepared CDs could be safely applied in cell imaging. Aerwards, the cellular imaging ability of CDs toward HeLa and ADSC cells were further investigated. As depicted in Fig. 7 , it is clearly observed that HeLa and ADSC cells could emit strong blue uorescence under excitation of 408 nm, suggesting that CDs possess excellent cell membrane permeability. However, it is noticed that the uorescence intensity in the cytoplasmic area of the cell is very strong, while it is very weak or there is even no uorescence in the nucleus of the cell. This indicated that the CDs easily penetrate into the cell but rarely enter into the nuclei, avoiding the damage of CDs to the cell. All these results demonstrate that CDs obtained by the photoirradiation method have potential applications in cell imaging.
Conclusions
In conclusion, we have successfully developed a novel strategy to synthesize uorescent CDs for the detection of Nim rstly and for cell imaging. The as-synthesized CDs emitted bright blue uorescence and exhibited excellent photostability and storage stability. The developed uorescence sensor offered high selectivity for Nim over metal ions, other amino acids and antipyretics, and high sensitivity with a low detection limit (100 nm). Furthermore, the as-synthesized CDs could be readily applied to the HeLa and ADSC cell imaging, exhibiting great opportunities for practical applications in biological elds.
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